Bluetongue virus is the ''type'' species of the genus Orbivirus, family Reoviridae. Twenty four distinct bluetongue virus (BTV) serotypes have been recognized for decades, any of which is thought to be capable of causing ''bluetongue'' (BT), an insectborne disease of ruminants. However, two further BTV serotypes, BTV-25 (Toggenburg orbivirus, from Switzerland) and BTV-26 (from Kuwait) have recently been identified in goats and sheep, respectively. The BTV genome is composed of ten segments of linear dsRNA, encoding 7 virus-structural proteins (VP1 to VP7) and four distinct non-structural (NS) proteins (NS1 to NS4). We report the entire BTV-26 genome sequence (isolate KUW2010/02) and comparisons to other orbiviruses. Highest identity levels were consistently detected with other BTV strains, identifying KUW2010/02 as BTV. The outer-core protein and major BTV serogroup-specific antigen ''VP7'' showed 98% aa sequence identity with BTV-25, indicating a common ancestry. However, higher level of variation in the nucleotide sequence of Seg-7 (81.2% identity) suggests strong conservation pressures on the protein of these two strains, and that they diverged a long time ago. Comparisons of Seg-2, encoding major outer-capsid component and cell-attachment protein ''VP2'' identified KUW2010/02 as 26th BTV, within a 12th Seg-2 nucleotype [nucleotype L]. Comparisons of Seg-6, encoding the smaller outer capsid protein VP5, also showed levels of nt/aa variation consistent with identification of KUW2010/02 as BTV-26 (within a 9th Seg-6 nucleotype -nucleotype I). Sequence data for Seg-2 of KUW2010/02 were used to design four sets of oligonucleotide primers for use in BTV-26, type-specific RT-PCR assays. Analyses of other more conserved genome segments placed KUW2010/02 and BTV-25/SWI2008/01 closer to each other than to other ''eastern'' or ''western'' BTV strains, but as representatives of two novel and distinct geographic groups (topotypes). Our analyses indicate that all of the BTV genome segments have evolved under strong purifying selection.
Introduction
Bluetongue virus (BTV) is the type-species of the genus Orbivirus, the largest of fifteen genera within the family Reoviridae [1, 2] . BTV can infect ruminants, camelids, and occasionally large carnivores [3, 4, 5] . The virus is transmitted by biting midges (Culicoides spp.) in which it also replicates. It can sometimes also be transmitted either via an oral route, or vertically in sheep and cattle [6, 7] . Clinical signs of BTV infection are often confined to sheep or white-tailed deer and are usually more severe in naïve populations [8, 9] . Cattle and goats are largely (although not exclusively) asymptomatic and can be considered as reservoir hosts [10] . However, the 'western' strain of BTV-8 which recently spread across Europe also caused some clinical signs and a low level of mortality in cattle [9] .
BTV virus particles are approximately 80 nm in diameter, icosahedral in symmetry and are composed of three concentric protein layers, surrounding a genome composed of 10 linear segments of double-stranded (ds) RNA [11, 12] . BTV genome segments range in size from 3954 to 822 bp (total of 19.2 kbp) and are identified as 'segment 1 to 10' (Seg-1 to Seg-10) in order of decreasing molecular weight and/or increasing electrophoretic mobility in 1% agarose gels [1] . Twenty five serotypes of BTV have previously been recognised, the identity of which is determined by the specificity of reactions between neutralising antibodies (generated during infection of the mammalian host) and components of the outer-capsid (VP2 and VP5) [1, 13, 14] .
Sequencing studies and phylogenetic comparisons show that Seg-2 and to a lesser extent Seg-6 (encoding outer-capsid proteins VP2 and VP5 respectively) are the most variable components of the BTV genome, varying in a manner that correlates with virus serotype [15, 16, 17] . Sequences of BTV Seg-2 can be divided into 25 distinct clades that correlate exactly with the virus serotype and can be used to identify virus type in sequencing studies or RT-PCR assays. Seg-2 sequences for different serotypes can also grouped into a smaller number of nucleotypes (nucleotypes A to L), which correlate with serological cross-reactions that have been detected between the different BTV types [15, 16, 18] .
Structural -proteins, VP3[T2] and VP7[T13]
(encoded by Seg-3 and Seg-7) form the innermost 'sub-core', and 'core-surface' layers of the virus-particle, respectively, and are more highly conserved between BTV serotypes than the outer-capsid proteins [1, 6, 16, 17, 19, 20, 21] . VP7 has been identified as the major Orbivirus species / serogroup specific antigen [22] and previous phylogenetic comparisons have used Seg-3 sequences to identify members of individual Orbivirus species [23, 24] . BTV also encodes three other highly conserved enzyme-proteins, which represent minor components of the sub-core particle, including: the RNA dependent RNA polymerase -VP1(Pol); the capping enzyme -VP4(CaP); and the helicase VP6(Hel), encoded by Seg-1, Seg-4 and Seg-9 respectively [25] .
Four non-structural BTV proteins have also been identified in BTV-infected cells but are not present in purified virions [11, 26, 27, 28] . The two larger and the smallest non-structural proteins (NS1(TuP), NS2(ViP) and NS4) are highly conserved across different BTV serotypes [29, 30] . However, NS3/NS3a can be more variable within some other Orbivirus species, representing the second most variable protein of AHSV, after VP2 [31, 32] .
The entire BTV genome, including both the 'conserved' and more 'variable' segments (represented by Seg-2 and Seg-6), show significant nucleotide-sequence variations that at least partially correlate with the geographic origins of the virus isolate / lineage. This suggests that the emergence of individual BTV serotypes was followed by a significant period of geographic isolation allowing mutations to accumulate, generating geographically distinct virus lineages or 'topotypes' [15, 16, 17, 33] .
Since 1998, multiple BTV types have emerged within Europe, events that have been linked to international trade and climate change in the region, raising concerns about possible future threats posed by bluetongue and other related orbiviral diseases [6, 7, 34, 35] . Multiple exotic BTV types have also been identified (during the same period) in the south-eastern USA [36] .
During early 2008, an atypical BTV was detected in clinically healthy goats from the Toggenburg region of north eastern Switzerland, using a BTV-specific real-time RT-PCR (rRT-PCR) targeting Seg-10 designed by Orru et al [37] . Sequence analyses show that this novel strain is distinct from members of the 'major' eastern and western BTV topotypes previously identified by Maan et al [16] . Attempts to isolate the virus in cell culture have so far been unsuccessful, making it difficult to confirm its serotype by virus neutralisation tests (VNTs) [38] . However, sera from the infected goats failed to neutralise reference strains of the 24 established BTV serotypes in serum neutralisation tests (SNTs), and together with phylogenetic analyses of Seg-2 nt-sequences, this has identified it as a novel 25 th BTV serotype (BTV-25/TOV) [14, 16] . In February 2010, sheep and goats in Kuwait showed clinical signs of disease [39] . Analyses of twenty six blood samples from the Abdali region, identified only two positive samples for BTV, one of which was used to isolate an orbivirus (strain KUW2010/02). VNT using antisera against the existing 25 BTV types failed to neutralise this new virus and it has therefore been proposed as a novel 26 th BTV serotype [39] . In order to further characterise the isolate and help determine its relationships, the entire genome of KUW2010/02 was sequenced and compared to other orbiviruses, including multiple BTV isolates. The results from these analyses are presented and discussed.
Materials and Methods

Virus isolation, propagation in cell culture
Twenty six EDTA treated blood-samples, five organ-samples (four spleens; one liver) from sheep and goats suspected of infection with BTV, were sent from Kuwait to the OIE reference laboratory for BTV at Institute for Animal Health (IAH) in the UK, during 2010. These samples were taken from naturally infected animals in the field, by qualified veterinarians, as part of normal diagnostic testing procedures in Kuwait and did not therefore require Ethics Committee approval.
Washed blood was inoculated intravenously into embryonated chicken eggs (ECE) (UK Home Office licence number PPL 70/ 6213), and then passaged twice in BHK-21 clone 13 cells (European Collection of Animal cell Cultures [ECACC -84100501]) (E1/ BHK2). Only one blood sample from Animal No. 374 (which is stored as 'KUW2010/01' in the 'dsRNA virus reference collection' (dsRNA-VRC) [40] was used successfully to isolate virus (isolate number KUW2010/02). The virus was also passaged twice in Vero cells (ECACC -84113001) (E1/BHK1/Vero2) until cytopathic effects (CPE) were observed (isolate KUW2010/03).
Serology
Virus isolates KUW2010/02 and KUW2010/03 were tested by indirect antigen-sandwich ELISA [41] and virus titre was calculated using the Spearman-Karber formula and expressed as TCID 50 /ml.
Virus neutralisation tests (VNT) were performed on KUW2010/02 (using antisera to BTV-1 to BTV-25) to identify the BTV-type in this isolate. A standard 'constant serum -varying virus' method was used (with appropriate controls) in a micro titre plates [42] . A 'neutralisation' result showing at least 100 fold reduction in virus titre by a 'type-specific' reference antiserum, as compared to reactions containing a negative control serum, is regarded as evidence of a specific reaction (same serotype).
Extraction of RNA and identification of BTV RNA was extracted from EDTA treated blood using QIAamp Viral RNA Mini Kit (Qiagen) or Universal BioRobot (Qiagen), as per manufacturer's protocol, for use in serogroup and serotype specific real-time RT-PCRs (rRT-PCRs) described earlier [37] . RNA was also purified from infected cells (KUW2010/02 or KUW2010/03) for full-length cDNA synthesis using TRIzol (Invitrogen) [15, 43] . Viral RNA extracted from KUW2010/02 was analysed by agarose gel electrophoresis (AGE) and used for sequencing the entire virus genome.
RT-PCR for full-length cDNA amplification and sequencing
Full length cDNA copies of BTV genome segments were synthesised and amplified, after 'anchor spacer-ligation' as described by Maan et al [44] . 'Phased primers' were used to sequence near-terminal regions of Seg-2 and Seg-6, while primers corresponding to conserved 59 and 39 terminal sequences were used to sequence the remaining genome segments [16] . The individual cDNA amplicons, purified using a 'GFX TM PCR DNA and gel band purification kit' (Amersham Pharmacia Biotech, Inc), were sequenced on a 3730 capillary sequencer (Applied Biosystems). Sequence data for the entire genome of KUW2010/02 have been submitted to GenBank (Table 1) .
Phylogenetic and positive selection analysis
Consensus sequences for individual genome segments were assembled and analyzed using SeqMan Software (DNAStar Inc.) then aligned with data for other BTV strains from GenBank [16] , using CLUSTAL X [45] and MAFFT ver 5 [46] . RevTrans 1.4 Server (http://www.cbs.dtu.dk/services/Re vTrans/) [47] was also used for each set of DNA sequences. This translates nt data, aligns the resulting peptide sequences, then uses this 'scaffold' to construct multiple DNA alignments that maintain reading frame integrity. A best fit model (selected using the Akaike Information Criterion [AIC] and Bayesian Information Criterion [BIC]) of nucleotide substitution was selected for the coding region of each genome segment [48] , for maximum likelihood analysis using Mega 5, as well for positive selection analysis (see below). AIC and BIC selected different nucleotide substitution models for various genome segments of BTV: GTR+G+I (Seg-9); GTR+G (Seg-10); TN93+G+I (Seg-1, -2, -6 and -8); T92+G+I (Seg-3, -4 and -5) and T92+G (Seg-7). Phylogenetic trees from each genome segment were also constructed using neighbour-joining methods and distance matrices, generated by p distance determination algorithm in MEGA version 5 software (500 bootstrap replicates) [48] . The sequence data set for each genome segment was checked for evidence of recombination, using the Genetic Algorithm for Recombination Detection (GARD), www.datamonkey.org/ GARD, [49] and Recombination Detection Program (RDP), http://darwin.uvigo.es/rdp/rdp.html [50] . The Tajima D test of neutrality, implemented in MEGA5, was used to assess selection.
For each of these aligned data sets we estimated the rates of non-synonymous and synonymous changes (Positive selection analysis) at each site, using likelihood-based methods as implemented in the on-line Datamonkey server (http://www.datamonkey. org; [49] . These analyses used: i) a conservative single likelihood ancestor-counting (SLAC) method, which is related to that of Suzuki-Gojobori [51] and ii) a fixed-effects likelihood (FEL) method. Both SLAC and FEL methods were used to calculate the global ratio of non-synonymous substitutions per non-synonymous site (dN) to synonymous substitutions per synonymous site (dS) (expressed as dN/ dS) using default (estimated) option. A dN/dS ratio ,1 signifies neutral evolution; dN/dS .1 positive/diversifying selection; and dN/dS ,1 negative/purifying selection.
Development of conventional, gel-based BTV-26 specific RT-PCR assays
RNA from KUW2010/02 was tested by conventional and realtime RT-PCR assays using primers directed against Seg-2 of different BTV serotypes (conventional primers - [52] ; real-time assays available from Laboratoire Service International [LSI], Lissieu, France). cDNA amplicons from the conventional assays were analysed by AGE.
Four sets of primers targeting Seg-2 of KUW2010/02 (Ac. No. HM590642) were designed after comparison to multiple BTV isolates of different serotypes [15, 16] . Each primer-pair was evaluated using RNA extracted from BTV-26 (KUW2010/02 and KUW2010/03); BTV-25 (SWI2008/01) (Nucleotype K); and BTV-4, 10, 11, 17, 20 and 24 (the most closely related heterologous serotypes -Nucleotype A) [15] . Primer footprints were compared (in silico) with Seg-2 sequences from other BTV serotypes, to confirm type specificity.
Results
Thirty one blood and tissue samples from Kuwait were tested using four different real-time RT-PCR (rRT-PCR) assays designed to detect BTV RNA [39] . All of the samples gave negative results with assays targeting either Seg-1 [53] , or Seg-1 and 5 [54] . However, two blood samples (from animals 364 and 374 [KUW2010/01]) were positive for BTV when tested with an assay targeting Seg-9 (Maan et al -in preparation) and Seg-10 (designed by Orru et al [37] . RNA extracted from KUW2010/01 was also tested by 'type-specific' rRT-PCRs targeting Seg-2 (LSI), for European BTV serotypes (BTV-1, 2, 4, 6, 8, 9, 11 and 16), with negative results.
Virus was successfully isolated from one blood-sample (KUW2010/01) and grown in BHK cells (isolate KUW2010/02) or Vero cells (isolate KUW2010/03) [39] . KUW2010/02 and KUW2010/03 were both confirmed as BTV using an indirect sandwich ELISA to detect BTV-VP7 [41] with OD 490 values .0.15 [39] . KUW2010/02 was also tested in virus neutralisation tests (VNT), using reference guinea pig immune-sera against BTV-1 to BTV-24, as well as BTV +ve antiserum from goats previously infected with BTV-25 (SWI2008/01). None of these antisera caused significant levels of neutralisation, indicating that KUW2010/02 does not belong to previously recognised BTV serotypes (BTV-1 to 25) [39] .
Viral RNA extracted from KUW2010/02 was analysed by AGE, and as previously reported [39] generated a migration pattern (electropherotype) typical of BTV, or a closely related orbivirus. RNA from KUW2010/02 was also tested by typespecific, real-time RT-PCR assays, targeting Seg-2 of BTV serotypes 1 to 25 (LSI), with uniformly negative results.
Sequence and phylogenetic analysis of the genome segments of KUW2010/02
Full-length cDNA copies of KUW2010/02 genome segments were synthesised and both strands of each genome segment were analysed so that consensus sequences could be unambiguously determined. All genome segments have the conserved RNA termini (+ve 59-GUUAAA...........ACUUAC-39) that are typical of bluetongue virus [55] .
BLAST analysis of sequences from KUW2010/02 consistently showed highest levels of sequence identity to homologous genome segments of other BTV isolates. Results of phylogenetic analyses using CLUSTAL X and MAFFT alignments, neighbour-joining and maximum likelihood tree construction, all located the genome segments of KUW2010/02 within the BTV serogroup/species, confirming the results of BLAST analyses (Figures 1, 2 and 3 -see  below) . The use of neighbour-joining (p distance) and maximum likelihood methods did not alter the clustering or phylogenetic relationships of any KUW2010/02 genome segment to a great extent. Segment 1. Comparisons of Seg-1 from KUW2010/02 with other BTVs, showed that it is conserved at 3944 base pairs (bp), encoding the 1302 amino acid (aa) of VP1[Pol] ( Table 1) . The sequences of Seg-1/VP1[Pol] are also highly 'conserved', with overall nt/aa identity levels of 74.6%/86.0% to 75.8%/87.8% to other BTV isolates and a maximum of 67.5%/68.8% to members of other Orbivirus species (EHDV-1/NIG1967/01 and EHDV-6/ AUS1981/07, respectively), confirming its identification as a novel BTV isolate. However, KUW2010/02 does not cluster within either of the major BTV topotypes previously identified, showing similarly low maximum nt/aa identity levels to members of both 'eastern' and 'western' topotypes (Table 1) and to BTV-25 (SWI2008/01), which represents a distinct (western) topotype [16] . These data indicate that BTV-26 (KUW2010/02) also represents a further distinct (eastern) group/topotype. Segment 2. Seg-2 of KUW2010/02 is 2929 bp long, encoding 957 aa of VP2 (Table 1) showing nt/aa identity levels of 42.8%/28.3% to 63.9%/61.5% to previously recognised BTV serotypes. As previously reported [39] these low values identify KUW2010/02 as a novel 26 th type within a distinct 12 th Seg-2 nucleotype 'L' [15, 16, 39] . The sizes of Seg-2 and VP2 of KUW2010/02 show differences in length when compared to other BTV serotypes. Seg-2 of KUW2010/02 showed slightly higher levels of identity to the SWI2008/01 strain of BTV-25, than to reference strains of BTV-10 and BTV-17 from the USA (Table 1) . Segment 3. Seg-3 of KUW2010/02 is 2773 bp long, encoding 901 aa of the highly conserved BTV sub-core-shell protein, VP3(T2) ( Table 1) , showing 73.7%/87.6% to 76.6%/ 88.9% nt/aa identity with other BTVs. Although lengths are otherwise conserved, the 39 NCR of KUW2010/02 Seg-3 is one nucleotide longer than other BTV isolates that have been analysed (N = .80). Closest relationships were detected with 'eastern' strains of BTV-16 from Israel, and 'western' reference strains of BTV-2 and 9 ( Table 1) . Similar levels of identity were also detected with BTV-25 (SWI2008/01).
In comparisons with the T2 gene of multiple other Orbivirus species, KUW2010/02 showed a maximum of 69.9%/77.5% nt/ aa identity with EHDV (EHDV-4/NIG1968/01). From previous studies these identity levels confirm KUW2010/02 as an isolate of BTV [16, 23] . None of the previously characterised BTV strains show much closer relationships to KUW2010/02 in Seg-3 ( Figure 1 , Table 1 and 2), indicating that it does not cluster within the previously recognised topotypes [16, 17, 21] and therefore (as indicated for Seg-1) represents a further distinct (eastern) group/topotype. Segment 4. Seg-4 of BTV is 1982 nt in length, encoding 644 aa of the highly conserved VP4 capping enzyme protein (CaP) ( Table 1) , showing nt/aa identity levels of 72.3%/79.3% to 74.8%/82.3% with other BTVs. Although lengths are otherwise conserved, the 39 NCR of KUW2010/02 Seg-4 is one nucleotide longer than the other BTV isolates analysed (N = .70). Highest overall identity levels were detected between KUW2010/02 and BTV-10 USA (western topotype), BTV-16 Greece (eastern topotype) and to BTV-25 (SWI2008/01), consistent with membership of a distinct (eastern) group/topotype (Table 1) .
Segment 5. Seg-5 of BTV-26 KUW2010/02 is 1758 nt long, encoding 552 aa of the highly conserved NS1 tubule protein (TuP). However, these lengths showed considerable variation, particularly in the 39 NCR (Table 1) , when compared to other BTV isolates (N = .85). Seg-5/NS1[TuP] of KUW2010/02 shows nt/aa identity levels of 72.5%/79.3% to 74.4%/81.2% with other BTVs, and closest relationships to BTV-9 from Serbia and Bulgaria (eastern toptotype) and BTV-8 from Nigeria and BTV-17 from Trinidad and Tobago (western topotype). Similar nt/aa identity levels were also detected with BTV-20 Australia (Ac. No. X56735) and BTV-25 (SWI2008/01), which individually form additional 'far eastern' and 'western' topotypes, again indicating that KUW2010/02 represents another discrete eastern group/topotype. Segment 6. Seg-6 of BTV-26 KUW2010/02 is 1629 nt long, encoding the 523 aa of VP5, the smaller of the two outer-capsid components and second most variable of the BTV proteins (Table 1) . This is the smallest Seg-6/VP5 that has been recorded for any BTV (by 9 nucleotides and 3 amino acids), showing nt/aa identity levels of only 57.1%/41.4% to 73.0%/79.3% to previously recognised BTV serotypes. Closest relationships were detected with BTV-21 Australia, BTV-9 Serbia (eastern topotype), Table 1 . The tree was constructed using distance matrices, generated using the pdistance determination algorithm in MEGA 5 (500 bootstrap replicates) [48] . The trees shown in Figures 2 and 3 were drawn using same parameters. reference strains of BTV-11, BTV-24 (western toptotype) and with BTV-25 (SWI2008/01) ( Table 1) . As seen for Seg-2/VP2, these identity levels also support the identification of KUW2010/02 as a distinct 26 th virus 'type', within a novel 9 th Seg-6 nucleotype 'I' [16] (Figure 2) . Segment 7. Seg-7 of KUW2010/02 is 1157 bp long, encoding 349 aa of the major BTV serogroup-specific antigen and core surface protein -VP7 (Table 1) . These lengths are similar to those of some other but not all previously characterised BTV isolates (N = .100). Sequence comparisons of Seg-7/VP7[T13] confirmed KUW2010/02 as an isolate of BTV, with identity levels ranging from 69.2%/80.8% to 81.2%/97.7% to other isolates, and closest relationships with BTV-25 ( Figure 3) . Close relationships were also detected with BTV-23 from India and BTV-2 from China (eastern topotype); BTV-1 from France and BTV-5 from the USA (western topotype) ( Table 1) . Segment 8. Seg-8 of KUW2010/02 is 1121 bp long encoding the 353 aa of the viral inclusion body (VIB) matrix protein -NS2 (Table 1) . This Seg-8/NS2 is four nucleotides and one aa shorter than any BTV strain previously analysed (N = .98). Seg-8/ NS2[ViP] of KUW2010/02 show nt/aa identity levels of 67.6%/ 65.9% to 71.6%/70.9% with other BTVs, and closest relationships to BTV-1 Australia, BTV-12 Taiwan (eastern topotype); reference strain of BTV-1 and BTV-17 from Trinidad and Tobago (western topotype) and BTV-25/TOV ( Table 1) . As observed with the other conserved segments, KUW2010/02 represents a second distinct 'eastern' topotype. Segment 9. Seg-9 of the KUW2010/02 is 1070 bp, encodes VP6, a minor core protein and the helicase enzyme (Hel) of 336 aa in length, as well as NS4 (from an out of frame ORF), which is 77 aa in length [27] (Table 1) . This is 18 nt/6 aa longer than Seg-9/ VP6 of 'eastern' BTV strains (N = 51) and 21 nt/7 aa longer than Seg-9/VP6 of 'western' strains previously characterised (N = 102). Seg-9/VP6[Hel] from KUW2010/02, shows identity levels that range from 64.3%/53.6% to 73.7%/75.0% to other BTV isolates, with closest relationships to BTV-9 from Bosnia (eastern topotype), BTV-10 USA, the reference strain of BTV-3 (western topotype) and BTV-25 ( Table 1) . As with the other genome segments Figure 2 . Neighbour-joining tree showing relationships between Seg-6 from KUW2010/02 with the twenty five reference strains of different BTV serotypes. The eight evolutionary branching points are indicated by black dots on the tree (along with their bootstrap values), dividing the sequences into nine 'Seg-6 nucleotypes' designated 'A-I'. In previous studies, eight Seg-6 nucleotypes were identified. Members of the same nucleotype show .76% nt identity in Seg-6, while members of different nucleotypes show ,76% nt identity [16] . However the analyses of BTV-26 (KUW2010/02) described here indicate that it forms a new 9 th Seg-6 nucleotype (I), as it shows a maximum of 73.0%/79.3% nt/aa identity with previously existing BTV serotypes. Seg-6 accession numbers used for comparative analyses: AJ586695 -AJ586699, AJ586700, AJ586703 -AJ586711, AJ586713, AJ586714, AJ586716, AJ586719, AJ586720 -AJ586725, AJ586727, AJ586730, EU839842. doi:10.1371/journal.pone.0026147.g002
analysed, these data indicate that BTV-26 KUW2010/02 represents a further distinct 'eastern' topotype. As with other BTVs, NS4 of KUW2010/02 is also highly conserved.
Three consecutive amino acid sequence repeats were identified within VP6 of KUW2010/02. These repeats which are shown in Figure 4 , are located between codon positions 205 -232 and may explain why VP6 of KUW2010/02 is so long. These repeats are outside the NS4 region (nt 185 -415). Interestingly each repeat was found to align best with the protein sequence immediately upstream of it within in VP6. However, the repeated sequences are not fully identical. This suggests sequence duplication has been followed by some 'evolution' of the parental and the daughter repeated sequences [56, 57] .
Segment 10. Seg-10 of KUW2010/02 is 822 bp long and codes for two, related non-structural proteins, NS3 (229 aa) and NS3a (216 aa) ( Table 1 ). These lengths are identical to other BTV strains analysed (N = .95). Seg-10/NS3 of KUW2010/02 show nt/aa identity levels of 76.5%/84.3% to 82.6%/89.5% with other BTVs, and closest relationships with BTV-2 Taiwan and BTV-9 Greece (eastern strains), BTV-6 South Africa and BTV-8 Netherlands (western strains), and BTV-25 (SWI2008/01) ( Table 1) . In a pattern similar to other segments these data for Seg-10 of BTV-26 KUW2010/02 indicate that it represents the first isolate of a distinct 'eastern' topotype.
Positive/negative selection analysis
The Tajima D test of neutrality, implemented in MEGA5, was used to assess selection. The expected value for populations that conform to a standard neutral model for selection is zero [57] . However the D values obtained for Seg-1 to Seg-10 reject the 'null hypothesis' for neutral selection of the BTV segments.
Recombination can adversely affect the power and accuracy of phylogenetic reconstruction [58] and may result in higher rates of false positives in maximum likelihood tests for positive selection [59] .
No evidence of recombination was detected in Seg-4 to Seg-10 using GARD and RDP, whereas in Seg-1, Seg-2 and Seg-3 both programs showed evidence of one breakpoint, although the results were inconclusive. Positive selection analysis was performed separately for each genome segment of BTV. The SLAC and FEL methods did not identify any sites in the majority of the BTV genome segments with evidence of significant positive selection at the p, 0.1 level. However, in the Seg-9, 18 codon sites (5, 38, 63, 70, 72, 87, 90, 92, 93, 97, 98, 112, 119, 125, 126, 128, 131 and 132) (p = 0.09) were identified by the FEL method as being influenced by positive selection, where as SLAC only identified 6 codon sites (72, 87, 97, 125, 126 and 131) that were positively selected (p = 0.079). The majority of these positively selected codons are in the NS4 ORF in Seg-9 (between codons 60-138) [27] .
Positive selection analyses were also performed separately for the eastern and western lineages of Seg-9. Seg-9 sequences of KUW2010/02 and SWI2008/01 were used in both eastern as well as western analysis, as each of them makes a separate eastern and western cluster respectively. The SLAC method did not identify any site in the eastern lineage which gave evidence of positive selection significant at the p 0. The global estimate of dN/dS by SLAC method for Seg-1 to Seg-10 were 0.036, 0.132, 0.018, 0.0516, 0.051, 0.048, 0.022, 0.087, 0.242, 0.047, respectively (using estimated (default) option where dN/dS is estimated from the data), indicating purifying or strong purifying selection. A high number of negatively selected codons were also identified (significant at the p = 0.1 level) in each genome segment with SLAC and FEL (data not shown) suggesting that all BTV genes evolved under negative/purifying selection.
RT-PCR assays
Sequence data generated for Seg-2 of KUW2010/02, and comparisons to other BTV types, were used to design four sets of oligonucleotide primers for conventional RT-PCR assays (Table 3 ). All four primer-pairs (1 to 4) worked well, generating products of the expected sizes from the original blood sample (KUW2010/01) and both passage levels of BTV-26 (KUW2010/02 and KU2010/ 03) ( Figure 5 ). Although other combinations of these forward and reverse primers also appeared to be effective, they were not widely evaluated (data not shown). Primer-pairs 1 to 4 were also tested with reference strains of the most closely related heterologous serotypes (BTV-4, 10, 11, 17, 20 and 24, belonging to nucleotype 'A' [15] . Primer-pairs 1 and 2 generated faint bands that were near to the 'predicted' size, with some strains from nucleotype 'A' (Primer-pair 1 with BTV-4, 10, 17, 20 and 24; Primer-pair 2 with BTV-4, 10 and 17). Therefore primer-pairs 1 and 2 are not considered to be entirely BTV-26 specific. However, any cDNA amplicons generated can be sequenced using the same primer sets, helping to identify both the virus strain and its relationships to other isolates. Although primer-pairs 3 and 4 generated multiple low intensity bands with RNA from some of the serotypes in the nucleotype 'A', none of these products were the correct size, and these two sets are therefore regarded as BTV-26 specific. In each case unambiguous identification of BTV-26 can also be achieved by sequencing and phylogenetic comparisons to the cDNA generated (as described here). KUW2010/02 represents a reference stain for the novel BTV serotype 26.
Discussion
Many viruses with RNA genomes can rapidly adapt to and exploit rapidly changing global landscapes and local environments. Genetic variation (mutation, recombination, and reassortment) and environmental factors (including trade, ecosystem, communal, and health care factors) can play important roles in the selection, emergence and evolution of different viruses. This paper presents full genome sequence data for the reference strain of a novel BTV serotype (BTV-26) for further comparative studies.
Blood/tissue and serum samples, from sheep and goats in Kuwait showing clinical signs of disease (suspected BTV infection), were sent from the Diagnostic Laboratory Centre (PAAF-Kuwait) to IAH-UK for testing. Most of the serum samples were positive for BTV specific antibodies, indicating previous BTV infection (there is no BTV vaccination policy in Kuwait). However, BTV-RNA was only detected in two sheep blood samples (animals 364 and 374) using a BTV-Seg-9 (Maan et al -in preparation) and BTV-Seg-10 specific rRT-PCR assay (designed by Orru et al [37] that had previously also been used to detect BTV-25 in Switzerland [14] , suggesting that the ongoing and more widespread clinical signs observed were not due to a current BTV infection. However, BTV Seg-1, or Seg-1 and 5 specific assays [53, 54] failed to detect RNA of the Kuwait virus, indicating that it was an unusual or atypical BTV strain. Experimental infections of sheep with KUW2010/02 caused only mild clinical disease (Chris Oura -Personal communication). Further diagnostic, pathogenesis and insect transmission studies will add to our knowledge of this novel BTV serotype/topotype.
Identification of KUW2010/02 as an isolate of BTV
When analysed by AGE, KUW2010/02 generated a migration pattern typical of a BTV isolate, indicating that it is a member of this virus species [39] .
Earlier studies of Seg-3/VP2[T2] from different orbiviruses, initially showed .91% aa identity within the same species/ serogroup [24] . However, subsequent studies that included multiple BTV isolates from different geographic regions (topotypes), detected as little as 74.9% nt/87.8% aa identity in Seg-3/ VP3 [16] .
In the study presented here, Seg-3/VP3 of KUW2010/02 showed up to 76.6% nt/88.9% aa identity with other BTV strains ( (Seg-1, -4 , -5, -7, -8, -9 and -10), in each case confirming KUW2010/02 as an isolate of BTV, although again slightly reducing the lower limit of identity detected between BTV isolates in Seg-1, -4, -8 and -9.
VP7[T13] is the major serogroup-specific antigen of BTV and related orbiviruses [22, 60] . KUW2010/02 not only gave highlevel positive results in a BTV-specific antigen-ELISA targeting VP7 [41] , it also showed up to 97.7% nt/aa identity to another BTV strain (SWI2008/01), consistent with its identity as a member of the Bluetongue virus species.
Identification of KUW2010/02 as BTV-26
Neutralisation assays demonstrated that none of the antisera against BTV-1 to BTV-25, caused significant levels of neutralisation, indicating that KUW2010/02 belongs to a novel 26 th BTV type [39] .
Seg-2/VP2 of KUW2010/02 showed a maximum of 63.9% nt and 61.5%/aa identity with BTV-25 (SWI2008/01). These levels are significantly lower than previously detected within a single BTV serotype (minimum levels of 68.4% nt/72.6% aa - [16] ), confirming the identification of KUW2010/02 as BTV-26, and as a 12 th Seg-2 nucleotype (L). However, these values also slightly increase the maximum level of identity detected between different BTV serotypes (previous maximum of 61.4% nt/59.5% aa).
We have designed two initial pairs of conventional primers for the amplification and detection of Seg-2 from KUW2010/02, which do not amplify Seg-2 of other BTV serotypes and in this respect can be regarded as 'type specific'. However, we recognise that other strains of BTV-26 may be isolated in future, which have Figure 5 . Electrophoretic analysis of cDNA products generated from Seg-2 of BTV-26 (KUW2010/02) using primer-pairs designed from the homologous sequence. PCR amplicons were generated from Seg-2 of BTV-26, isolate KUW2010/02 using primerpairs 1 -4 - Table 3 (lanes 3 to 6 respectively). Primer-pairs 3 and 4 are BTV-26 specific, while primer-pairs 1 and 2 also amplifies certain other serotypes in Seg-2 nucleotype 'A'. Lane 1 is a positive control using RNA from BTV-6/RSArrrr/06, with primer-pair BTV-6/2/301F & BTV-6/2/790R -1631 bp [16] . Lane 2 is a negative water control. Lane M: 1 kb marker. doi:10.1371/journal.pone.0026147.g005 sequence differences in the footprints of these initial primer sets. Seg-2 of any such viruses will need to be sequenced, so that these 'type-specific' primers can be redesigned, maintaining their specificity.
Seg-6/VP5, which can also influence BTV serotype [13] , showed a maximum of 73.0% nt/79.3% aa identity between KUW2010/02 and any other BTV type ( Table 1 ), indicating that it belongs to a distinct and 9 th Seg-6 nucleotype (I) (Figure 2 ) [16, 17] . This is again consistent with its identification as BTV-26. The lowest similarity detected in Seg-6/VP5 between KUW2010/ 02 and other BTV serotypes was 57.1% nt and 41.4% aa, slightly above levels previously detected between BTV-25 strain SWI2008/01 and other BTV isolates (at 56.9% nt and 40.8% aa) [16] .
We therefore propose KUW2010/02 as the reference strain for this novel serotype, with the Seg-2 specific primer-pairs designed for conventional RT-PCR assays and sequencing studies, providing initial diagnostic tools for BTV-26.
Identification of KUW2010/02 as a novel major topotype
Most BTV isolates can be divided between two major 'eastern' or 'western' topotypes (reflecting their geographic origins) then into a number of further geographic subgroups based on phylogenetic analyses of their genome segments [16, 17] . Viruses within the same major-topotype showed .87.5% nt identity in Seg-3, while a maximum of 82.4% nt identity was detected between the major eastern and western groups/topotypes ( Table 2 ). The data presented here show a maximum of 75.8%, 76.4% or 76.6% nt identity between Seg-3 of KUW2010/02 and eastern topotype, western topotype or BTV-25 respectively. These data indicate that KUW2010/02 and BTV-25 (SWI2008/01) represent two new and distinct groups of Seg-3 sequences [16] , and may therefore represent additional 'major' topotypes ( Figure 1 , Table 1 and 2).
Evolutionary selection of BTV sequences
All of the BTV genes, including those coding for VP2 -VP7 and NS1 -NS3, appear to have evolved under purifying selection (sometimes strongly so), evidenced by the dN/dS values of ,1. Relatively high dN/dS value suggested of that protein translated from Seg-2 and Seg-9 might be targets for periodic positive selection. The majority of positively selected codons in Seg-9, fall in the ORF for NS4 (60-138 aa) [27] , indicating significant functional constraints. Importantly, VP2 determines BTV serotype and is the most variable segment in the viral genome, whereas Seg-9 encodes the viral helicase VP6 and NS4, which is highly conserved in all BTVs. The role of NS4 has yet to be identified, although bioinformatic analyses indicate that it contains coiledcoils and is related to proteins that bind nucleic acids, or are associated with lipids or membranes. The results obtained for Seg-2, 3, 6 and 10 are consistent with previous conclusions [21, 61, 62] . Lee et al. [63] have also reported similar findings, except for the VP7 gene, which they suggest has a positive or diversifying selection (dN/dS ratios ranged from 1.2 to 5.7 (2.8562.0; n = 4)). In contrast we find using greater numbers of VP7 sequences and a more diverse data set, that negative or purifying selection dominates the evolution of all BTV genes, most likely due to the constraint imposed by the alternate arthropod-vertebrate host transmission cycle. There are reports that some other vector-borne RNA viruses including West Nile virus [64] and Venezuela equine encephalitis virus [65] also evolve under purifying selection [66] .
Sequence comparisons of most of the conserved genes and proteins place KUW2010/02 and SWI2008/01 (BTV-25) in additional but distinct geographic groups (representing additional major topotypes of BTV). KUW2010/02 and SWI2008/01 show only 81.2% nt sequence identity in Seg-7, again indicating that they have evolved separately as members of distinct geographic groups (topotypes) a for long period of time. However, a very high level of aa identity (97.7%) was detected in VP7[T13] between KUW2010/02 and SWI2008/01, indicating that they share a common ancestry and suggesting very strong conservation pressures / functional constraints on the sequence of VP7 between these two strains. It is therefore possible for conservation pressures on aa sequence to mask the regional variations between orbivirus topotypes, even though they are still evident as relatively large variations in nt sequence.
The provision of a full genome sequence for the novel BTV serotype (BTV-26) will make it possible to track any further changes, or reassortment events, that occur if BTV-26 continues to persist or spread in the region.
